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Article history: Tensile properties and physical properties of fireproof Inconel 718 have been
Received 31 August 2018 investigated after under undergoing a high-temperature flame fire test of 1100 + 80°C

Received in revised form 12 November 2018 wjth a heat flux of 36 + 2 kW/m? according to the ISO 2685 standard using a

Accepted 2 December 2018 methylacetylene-propadiene propane (MAPP) gas burner. The main aim of this study

Available online 9 February 2019 is to understand the physical properties of the different binders and different sintering
cycles of the Inconel 718 after a tensile test. The alloys were exposed to a flame
temperature for 15 minutes after which they are allowed to cool at ambient
temperature before the tensile test. All the Inconel 718 samples of different binders
undergo a scanning electron microscope (SEM) micrograph after the tensile test and
show different characteristics according to the binders and sintering cycles. The result
obtained on the comparison of the different binders and sintering cycles shows that
the third sintering cycle is more ductile than the other two cycles with the highest
ductility observed on the 68/32-6 stearic acid binder, while the most brittle alloy is the
66/34-5 stearic acid binder in the fourth sintering cycle. From the SEM micrograph, it
is clearly observed that an Inconel 718 of the 66/34-12 palm stearin binder has
smoother surface grain with huge hollows and low density, therefore the alloy is more
porous and penetrable and more prone to break than the other alloys under study.
Conclusively, the third sintering cycle proved to be the most effective Inconel 718 for
this study due to the excellent properties exhibited by the alloy for both binders.
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1. Introduction

The super alloy Inconel 718 is a corrosion-resistant nickel chromium-based material that is used
for extreme environmental conditions such as high pressure or temperature. The super alloy was
introduced in 1965 within the aerospace industry and it has been used extensively ever since due to
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its great tensile strength and impact strength, highly resistant to corrosion and excellent fatigue
strength and creeps resistance. These properties made the alloy useful in many high-temperature
applications such as in jet engines, gas turbines, and steam generators among others [1-7]. On the
other hand, these properties made the alloy very difficult to be machined for powder injection
molding [8] and had to be solved by using the metal injection molding process which produces a fine
grain size with a uniform distribution of precipitation phases [9, 10]. A stable and a thicker light coat
layer created by the oxide layer of an Inconel when heated shield the surface of the alloy from any
attack. The Inconel 718 can be fabricated by developing small components that are complex in
nature. The alloy materials made up 50% of the weight of aircraft turbojet engines, which are
manufactured for various purposes in the aerospace industry. Some of the components made are
blades, casings, rings, fasteners, discs, etc. for high pressure and temperature usage in compressors
and turbines [11,12].

Many researchers study different attributes of the alloy. The rheological and stability behaviour
of the alloy was studied by Abdullah et al., [13] who used powder injection molding in their research.
Likewise, the rheological investigation was also carried out in terms of compatibility and homogeneity
of the mixture that was measured by capillary rheometer [14-17]. The physical properties of the
Inconel with palm stearin and stearic acid binder was reported by lbrahim et al., [18], where the
viscosity and the shear rate of the alloy were studied and found to indicate an increase of shear rate
as the viscosity decreases. The conventional binder system used on Inconel 718 was replaced by a
greener binder in order to reduce the use of synthetic binders in favor of the natural palm stearin
binder and found almost as excellent [19,20].

Inconel 718 undergoes the fire-test for different purposes, but the major reason is to identify the
fatigue crack growth behaviour of the material after the fire test [21,22] and the impact strength as
in ballistic impact test of fibre metal laminate [23]. It is very important for the alloy to be high
temperature resistant to an aircraft application due to its usual locations in the aircraft, for instance,
in gas turbines where high thermal efficiency is needed with less fuel consumption and pollution, and
in jet engines where an increase in temperature increases the speed and allows higher payload
[11,12]. Among the factors that limit the gas turbine designs is the high-temperature load carrying
capacity, therefore there is a need of high-temperature resistant super alloys to be used, as heated
parts are normally designed to perform close to their temperature and load limit. In addition, the
mechanical properties of the alloy degrade for a prolonged time to high-temperature exposure.
There will be microstructure changes, grain boundary breakages and oxidations [24]. At the high
temperature, the micro-mechanism damages observed are oxidation, creep and cyclic plastic
deformation [25].

The mechanical properties of Inconel 718 have been evaluated using different methods. A split
Hopkinson pressure bar (SHPB) [26] was used previously, whereby the results show an increase in
flow stress of metallic materials as the temperature decreases or the strain rate increases [27-29].
Different methods have been suggested that can be performed successfully for detecting the change
in mechanical properties by high-velocity deformation that contains dislocation damping and
thermally activated mechanisms [30,31]. Kashaev et al., [32] reported a comparative study of tensile
properties and fatigue behaviour of Inconel 718, Inconel 625 and Ti-6A-4V where the result was
obtained using micro-tensile and micro-fatigue test techniques on a small volume of the materials.

In this investigation, the Inconel 718 alloy is used to understand the properties of the alloy after
a high-temperature fire test using the ISO 2685 standard. The alloy can be used in producing potential
aerospace application parts such as wheels, buckets, spacers, and high-temperature bolts and
fasteners. The main objective of this study is to assess the physical and mechanical properties of
Inconel 718 using greener binders after undergoing the high-temperature fire test. The experimental
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test rig was designed to suit the burner calibration and fire test of the Inconel 718 alloy. After the fire
test, a tensile test was conducted and the microstructure of the alloy was viewed using a microscope.
Different binder compositions of Inconel 718 were tested and the one with highest properties
enhance the survival of the components under a high-temperature condition. The expected result is
an Inconel 718 made using palm stearin and stearic acid binder would have the same or better
physical and mechanical properties of an Inconel 718 made using a synthetic binder.

2. Materials and Methods

The specimens under test are the collection of super alloy Inconel 718 that were made with
different kind of binders. This super alloy is suitable for casings, fasteners, rings or any compartment
inside the fire zones in gas turbines due to its extreme heat resistance and high strength. The binders
used are palm stearin and stearic acid of different ratios and sintering cycles. The Inconel 718 with
palm stearin and the stearic acid binder has been produced by a metal injection molding (MIM)
technology from SIRIM BHD. Five steps were used in developing the Inconel 718, which are tooling,
mixing, molding, stripping and sintering [16,33].

Three different sintering cycles were used in making the Inconel 718, which were varied in order
to make a comparison between one another. Besides the Palm Stearin Binder Composition, the
Inconel 718 was also formulated with the Stearic Acid Binder Composition with Polyethylene and
Paraffin Wax (PEPWSA). The Stearic Acid Binder is inexpensive and is a common lubricant for the
MIM process. Figure 1 shows the geometry of the Inconel fabricated at SIRIM BHD.
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Fig. 1. Geometry of the produced Inconel 718 (mm)

Table 1 shows the compositions of each Inconel 718 fabricated at SIRIM BHD with different
binders. After the samples’ preparation, the MAPP gas burner, which is based on a stabilized mixture
of methylacetylene (propyne) and propadiene, was calibrated by using an R-type thermocouple for
temperature calibration and a heat flux meter (SBGO1) for heat flux calibration as indicated in
Mohammed et al., [34]. The burner was calibrated at an 8-inch distance from the tip of the burner to
the measuring devices. The burner was ignited and allowed to settle for at least three minutes and
then the temperature calibration was done for three minutes, followed by a heat flux calibration for
another three minutes. After the burner calibration, a fire test was conducted on all 14 samples for
15 minutes using the same distance as that of calibration and the results recorded using a data logger.
After the fire test, the samples undergo a physical and mechanical test where the microstructures of
the samples were studied.
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Table 1
Composition of Different Binder Systems and Inconel 718 powder
Sample’s  Sample’s Sintering , o
number  Name Cycle Composition Percentage of volume (%)
PE, PW, SA 32
1 SA(68/32) 1 1 Inconel 718 Powder 68
PE, PW, SA 32
2 SA (68/32) 2 1 Inconel 718 Powder 68
PE, PS 32
3 PS (68/32) 1 1 Inconel 718 Powder 68
PE, PS 32
4 PS (68/32) 2 1 Inconel 718 Powder 68
PE, PW, SA 30
> SA(70/30) 1 1 Inconel 718 Powder 70
PE, PW, SA 30
6 SA (70/30) 2 ! Inconel 718 Powder 70
7 PEPWSA 3 PE, PW, SA 30
(70/30) 5 Inconel 718 Powder 70
3 PEPWSA 3 PE, PW, SA 32
(68/32) 6 Inconel 718 Powder 68
9 PEPWSA 3 PE, PW, SA 34
(66/34) 11 Inconel 718 Powder 66
10 PEPS (66/32) PE, PS 32
12 Inconel 718 Powder 66
11 PEPWSA 4 PE, PW, SA 30
(70/30) 3 Inconel 718 Powder 70
12 PEPWSA 4 PE, PW, SA 32
(68/32) 4 Inconel 718 Powder 68
13 PEPS (66/34) 4 PE, PS 34
4 Inconel 718 Powder 66
14 PEPWSA 4 PE, PW, SA 34
(66/34) 5 Inconel 718 Powder 66

3. Results and Discussion

In this section, the fire test result of the MAPP gas burner was presented together with the burner
calibration and the physical and mechanical test of the Inconel 718. The MAPP gas burner undergoes
three minutes calibration for temperature and heat flux, the result obtained is indicated in Figure 2.

The calibration result obtained was according to the ISO 2685 standard as it is within the range
of 1100 + 80°C for temperature; while that of heat flux is 36 + 2 kW/m? which is below the standard
[35] due to the nature of the flame being spread by the MAPP gas burner. All the samples types of
Inconel 718 considered in the test can withstand a flame fire of 15 minutes (fireproof) without
melting or forming serious crack, except SA 68/32-1 that has a crack at one end of the sample.

Figure 3 shows the average flame temperature test result of all the samples. The result shows
that all the samples were burned at the standard temperature of 1100 + 80°C with a lower heat flux
value than the standard [36] as in Abu Talib et al., [37]. This proves that an Inconel 718 made with
palm stearin and stearic acid binder of different compositions and different sintering cycles are all
fireproof materials.
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Fig. 2. Burner calibration result
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Fig. 3. Inconel 718 fire test result

The physical and mechanical properties of the Inconel 718 after the fire test were shown in Figure
4 where the results of hardness (HV), elongation (%), weight loss (%), shrinkage (%), tensile strength
(MPa) and Young modulus (GPa) are presented for the 14 different samples.

The result obtained from the hardness test does not show any major difference in hardness for
all of the Inconel 718. The highest hardness observed on the palm stearin binder samples was in the
first sintering and the smallest value obtained was on the third sintering. Meanwhile, the highest
value obtained from stearic acid was on the fourth sintering and the smallest was on the third
sintering. Hardness test is a physical properties test that tests the surface property of the metal and
resistance to indentation. It was found that the first sintering samples were more brittle than the
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other samples, while the third sintering samples were more ductile. The most brittle sample on the
stearic acid was the Inconel SA 66/34-5 in the fourth sintering cycle and the least brittle was SA 68/32-
6 in the third sintering and was also the most ductile among the samples under study. According to
the Vickers hardness scale standard, 350 HV is the limit, therefore most of the values obtained in
fourth sintering were very close to the standard value.
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Fig. 4. Physical and mechanical properties of inconel 718 after fire test
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The elongation of the samples shows the fourth sintering cycle with least percentage elongation
with almost all the values close to 1%, whilst the third sintering cycle recorded the highest value of
stearic acid elongation with the highest values close to 6%. This shows that the third sintering cycle
can withstand more load than the other cycles before failure; therefore, it has more strain than the
other cycles as well as the palm stearin binder sample in the third sintering cycle. The sample with
the stearic acid binder from the third sintering cycle shows a staggering percentage of changes in
elongation that shows ductile properties, which correlates to their low hardness result of the
material. But fourth sintering cycle shows brittle properties that correlating to their high hardness.
From Metals [38] for Inconel 718 Technical Data, the typical elongation of Inconel 718 at an elevated
temperature is more than 27%. The percentage weight loss of all the sintering cycles was almost the
same with palm stearin binder having the highest value in the first sintering cycle and least on the
stearic acid binder in the third sintering cycle. Likewise, the percentage shrinkage of the samples was
observed in the first sintering cycle on the stearic acid binder and the lowest in the fourth sintering
cycle with the palm stearin binder.

In terms of tensile strength, SA 66/34-11 in the third sintering cycle has the highest value
compared to all samples and at the same time, PS 66/34-12 of palm stearin in the third sintering cycle
had the lowest value, SA 63/32-1 cracked during the process. On average, fourth sintering cycle
shows a higher value than the first and third sintering cycles. Therefore, the fourth sintering cycle has
highest tensile values and can resist more strength than the other sintering cycles. The typical tensile
strength of an Inconel 718 is in the range of 758 MPa but lower if heated to an elevated temperature
of greater or equal to 760°C [38]. The values obtained were lower than the values in the Inconel 718
Technical Data resulting due to the higher flame temperature used in the fire test experiment. All of
the Inconel 718 showed high values of stiffness. The third sintering cycle and first sintering cycle
showed values close to each other, while the fourth sintering cycle shows the lowest overall values.
In the case of Young’s modulus, third sintering cycle proved to be the most rigid among the other
sintering cycle. From the Inconel 718 Technical Data, the usual value for the Young modulus at above
950°C is 78,000 MPa [38].

The ultimate tensile strength (UTS) of the different binders of all the compositions was evaluated
and analyse, the result obtained is shown in Figure 5, for different sintering cycles. From the overall
data of Inconel 718 after the fire test, an examination of Inconel 718 with different design parameters
(binder composition) is made. The comparison was meant to compare the performance of Inconel
718 that uses different binder compositions (palm stearin binder or stearic acid binder) with the same
binder ratios of 66/34, 68/32 and 70/30 using different sintering cycles.

From the ultimate tensile stress (UTS) graph of the values of 68/32 binder ratio, it can be seen
that the ultimate tensile strength of the palm stearin binder was around the average of the stearic
acid binder’s tensile strength. However, from the same UTS graph, palm stearin binder is shown to
be the most desired alloy compared to the stearic acid binder composition. This result shows that
Inconel 718 with a palm stearin binder of 68/32 ratio has a good mechanical property and can
compete with the synthetic binder. For the binder ratio of 66/34, the palm stearin binder for the third
sintering cycle shows a lower value than its stearic acid binder but the opposite is true in the fourth
sintering cycle. While for the binder ratio of 70/30, only the stearic acid binder can be considered,
after the result reveals that the fourth and third sintering cycles have almost the same values. The
lowest ultimate tensile strength value was obtained in the first sintering cycle.

After the tensile test, the microstructures of the samples were viewed by SEM microscope. The
micrographs shown in Figure 6-8 are of 1000 magnification. The effect of different binder
compositions can be visually seen from the microscopic view after the fire test.
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(a) Palm Stearin (b) Stearic Acid
Fig. 6. Microstructure view of 66/34 binder of Third Sintering Cycle

From the structure of the two different binders, palm stearin can be seen to be smoother and
subtler than stearic acid, with huge hollow parts in the specimen that make it more prone to breakage
and penetrable as compared to the stearic acid composition; with the more subtle surface area. This
made its tensile strength very low when compared to the other samples. The result is in agreement
with the result obtained by Ibrahim et al., [19]. The microstructure of the 68/32 palm stearin binder
and stearic acid binder of the first sintering cycle were also captured after the tensile test.
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Fig. 7. Microstructure view of 68/32 binder of First Sintering Cycle

The results of the two binders showed not much difference between the binders in first sintering
cycle, with a much bigger hollow area on the stearic acid sample. The surface areas of both samples
have almost the same roughness; this made the samples have almost higher values of UTS and
Young’s modulus, which is also, reported by Ibrahim et al., [19]. The microstructure views of the
70/30 stearic acid binder of the first, third and fourth sintering cycles were also taken after the tensile
test.
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Fig. 8. Microstructure view of 70/30 binder of Stearic Acid

Based on the microscopicimages, the Inconel 718 from the third sintering cycle shows much more
but small hollow areas than the other two. The third sintering cycle also has a higher consistency of
holes and solid surface, with smoother and subtler exterior surface than the other samples, which
translates to a higher Young modulus and plastic deformation of the sample. Likewise, the fourth
sintering cycle with smaller hollow areas and rough surface of the sample prevents it from plastic
deformation, making it has higher tensile strength. This type of result was also observed in Ibrahim

etal., [19].

120



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 54, Issue 1 (2019) 112-123

4. Conclusions

In the current investigation, 14 samples of Inconel 718 of different greener binders (palm stearin
and stearic acid) with three types of sintering cycles were analysed after a standard fire test of a high
temperature of up to 1100 + 80°C. Based on their physical and mechanical properties of a fireproof
alloy, the microstructure results after a tensile test were discussed accordingly. The results showed
that both types of alloys, based on their physical and mechanical properties, can be used in jet
engines as they can withstand the required strength in the high-temperature application except for
the 66/34 palm stearin binder which has a low tensile strength and is prone to breakage and can be
more penetrable. Furthermore, as indicated from the test, the third sintering cycle alloy is more
ductile than the other alloys, indicating that the Inconel 718 on this cycle have more excellent and
suitable properties than the other Inconel 718 alloys used in this study. In terms of the ratio of the
binders, the 68/32 palm stearin binder is more desired than the stearic acid binder used due to its
ultimate tensile strength. In any case, both types of binders have an advantage other than engine
safety, being natural binders that can replace synthetic binders.

Acknowledgement

This research was funded by the Ministry of Higher Education Malaysia Fundamental Research Grant
Scheme FRGS/TK05/UPM/02/7 no. 5524896 and grant from Universiti Putra Malaysia IPS Grant
scheme No. 9538500. In addition, the authors wish to thank assistant engineers Mohamad Nasir
Johari and Saffairus Salih for the technical support given.

References

[1]  Scholz, R. and R. Matera. "Proton irradiation creep of Inconel 718 at 300°C." Journal of nuclear materials, 283
(2000): 414-417.

[2]  Scholz, R., and R. Matera. "Irradiation creep induced stress relaxation of Inconel 718." Fusion engineering and
design 51 (2000): 165-170.

[31 Andersson, H., C. Persson, and T. Hansson. "Crack growth in IN718 at high temperature." International Journal of
Fatigue, 23 no. 9 (2001): 817-827.

[4]  Pereira, J.M. and B.A. Lerch. "Effects of heat treatment on the ballistic impact properties of Inconel 718 for jet
engine fan containment applications." International Journal of Impact Engineering, 25 no. 8 (2001): 715-733.

[5] Dinda, G., A. Dasgupta, and J. Mazumder. "Texture control during laser deposition of nickel-based super alloy."
Scripta Materialia, 67 no. 5 (2012): 503-506.

[6] Mohammed, I, A.R Abu Talib, M.T.H. Sultan, M. Jawaid, A.H. Ariffin, and S. Saadon. "Mechanical Properties of Fibre-
Metal Laminates Made of Natural/Synthetic Fibre Composites." BioResources, 13 no. 1 (2018): 2022-2034.

[77  Mohammed, I, A.R Abu Talib, M. Sultan, and S. Saadon. "Thermal Properties of HLO02-TA/B Epoxy Resin/Hardener
in Fibre Metal Laminates Composites for Aero-Engine." International Journal of Pure and Applied Mathematics, 119
no. 15(2018): 3761-3769.

[8]  Youhua, Hu, Li Yimin, He Hao, Lou lJia, and Tang Xiao. "Preparation and mechanical properties of Inconel718 alloy
by metal injection molding." Rare Metal Materials and Engineering 39, no. 5 (2010): 775-780.

[91 Rao, G. Appa, M. Srinivas, and D. S. Sarma. "Influence of modified processing on structure and properties of hot
isostatically pressed superalloy Inconel 718." Materials Science and Engineering: A 418, no. 1-2 (2006): 282-291.

[10] Davies, P., G. Dunstan, and A. Hoyward. "Powder Metallurgy World Congress & Exhibition." Shrewsbury: European
Powder Metallurgy Association 6 (2004).

[11] Reed, Roger C. The superalloys: fundamentals and applications. Cambridge university press, 2008.

[12] Pineau, A. and S.D. Antolovich. "High temperature fatigue of nickel-base superalloys—a review with special
emphasis on deformation modes and oxidation." Engineering Failure Analysis, 16 no. 8 (2009): 2668-2697.

[13] bin Abdullah, Ahmad Nizam, Muhammad Jabir bin Suleiman Ahmad, Rosdi Ibrahim, and Abdul Rahim Abu Talib.
"Analysis of the rheological behavior and stability of Inconel 718 Powder Injection Molding (PIM) feedstock."
In Advanced Materials Research, vol. 879, pp. 63-72. Trans Tech Publications, 2014.

[14] Huang, Baiyun, Shuquan Liang, and Xuanhui Qu. "The rheology of metal injection molding." Journal of Materials
Processing Technology 137, no. 1-3 (2003): 132-137.

121



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 54, Issue 1 (2019) 112-123

(15]
(16]
(17]

(18]

(19]

(20]

[21]

(22]

(23]

(24]
[25]
[26]
(27]

(28]

[29]

(30]
(31]

(32]

(33]

(34]

(35]

(36]

Khakbiz, M., A. Simchi, and R. Bagheri. "Analysis of the rheological behavior and stability of 316L stainless steel-TiC
powder injection molding feedstock." Materials Science and Engineering: A 407, no. 1-2 (2005): 105-113.

Liu, Z. Y., N. H. Loh, S. B. Tor, and K. A. Khor. "Characterization of powder injection molding feedstock." Materials
characterization 49, no. 4 (2002): 313-320.

Tseng, Wenjea J. "Influence of surfactant on rheological behaviors of injection-molded alumina
suspensions." Materials Science and Engineering: A 289, no. 1-2 (2000): 116-122.

Ibrahim, Rosdi, Ahmad Nizam bin Abdullah, Muhammad Jabir bin Suleiman Ahmad, Mazlan Mohamad, and A. R. A.
Talib. "Effect of Solid Loading on the Physical Properties of the Sintered Inconel 718 Using Metal Injection Moulding
(MIM)." In Advanced Materials Research, vol. 879, pp. 164-168. Trans Tech Publications, 2014.

Ibrahim, R., M. Azmirruddin, M. Jabir, N. Johari, M. Muhamad, and A. R. A. Talib. "Injection molding of inconel 718
parts for aerospace application using novel binder system based on palm oil derivatives." World Academy of
Science, Engineering and Technology 70 (2012): 526-530.

Arifin, Amir, Abu Bakar Sulong, Norhamidi Muhamad, Junaidi Syarif, and Mohd lkram Ramli. "Material processing
of hydroxyapatite and titanium alloy (HA/Ti) composite as implant materials using powder metallurgy: a
review." Materials & Design 55 (2014): 165-175.

Gustafsson, D., J. Moverare, S. Johansson, M. Horngvist, K. Simonsson, S. Sjostrom, and B. Sharifimajda. “Fatigue
crack growth behaviour of Inconel 718 with high temperature hold times.” Procedia Engineering, 2 no. 1 (2010):
1095-1104.

Gustafsson, D., J. Moverare, K. Simonsson, S. Johansson, M. Hornqvist, T. Mansson, and S. Sjostrom. "Fatigue crack
growth behaviour of Inconel 718-the concept of a damaged zone caused by high temperature hold times." Procedia
Engineering, 10 (2011): 2821-2826.

Mohammed, I., AR Abu Talib, M. T. H. Sultan, and S. Saadon. "Ballistic impact velocity response of carbon fibre
reinforced aluminium alloy laminates for aero-engine." InIOP Conference Series: Materials Science and
Engineering, vol. 270, no. 1, p. 012026. IOP Publishing, 2017.

Ghonem, H., and D. Zheng. "Depth of intergranular oxygen diffusion during environment-dependent fatigue crack
growth in alloy 718." Materials Science and Engineering: A 150, no. 2 (1992): 151-160.

Antunes, F. V., J. M. Ferreira, and C. M. Branco. "High temperature fatigue crack growth in Inconel 718." Materials
at High Temperatures 17, no. 4 (2000): 439-448.

Lindholm, U. S. "Some experiments with the split hopkinson pressure bar*." Journal of the Mechanics and Physics
of Solids 12, no. 5 (1964): 317-335.

Lee, Woei-Shyan, and Tao-Hsing Chen. "RETRACTED: Mechanical and microstructural response of aluminum-—
scandium (Al-Sc) alloy as a function of strain rate and temperature." (2009): 734-745.

Liang, Rigiang, and Akhtar S. Khan. "A critical review of experimental results and constitutive models for BCC and
FCC metals over a wide range of strain rates and temperatures." International Journal of Plasticity 15, no. 9 (1999):
963-980.

Lee, Woei-Shyan, Chi-Feng Lin, Tao-Hsing Chen, and Hsin-Hwa Hwang. "Effects of strain rate and temperature on
mechanical behaviour of Ti-15Mo-5Zr—-3Al alloy." Journal of the mechanical behavior of biomedical materials 1,
no. 4 (2008): 336-344.

Ferguson, W. G., A. Kumar, and J. E. Dorn. "Dislocation damping in aluminum at high strain rates." Journal of Applied
Physics 38, no. 4 (1967): 1863-1869.

Seeger, Alfred. "The mechanism of glide and work hardening in face-centered cubic and hexagonal close-packed
metals." Dislocations and mechanical properties of crystals (1957): 243-329.

Kashaev, Nikolai, Manfred Horstmann, Volker Ventzke, Stefan Riekehr, and Norbert Huber. "Comparative study of
mechanical properties using standard and micro-specimens of base materials Inconel 625, Inconel 718 and Ti-6Al-
4 V." Journal of materials research and technology 2, no. 1 (2013): 43-47.

Jamaludin, Mohamad lkhwan, Nur Atikah Abu Kasim, Nor Hafiez Mohamad Nor, and Muhammad Hussain Ismail.
"Development of porous Ti-6Al-4V Mix with palm stearin binder by metal injection molding technique." American
Journal of Applied Sciences 12, no. 10 (2015): 742.

Mohammed, I., AR Abu Talib, M. T. H. Sultan, and S. Saadon. "Temperature and heat flux measurement techniques
for aeroengine fire test: a review." In IOP Conference Series: Materials Science and Engineering, vol. 152, no. 1, p.
012036. IOP Publishing, 2016.

1SO2685, Aircraft Environmental test procedures for airborne equipment — Resistance to fire in designated fire
zones (pp. 29). (1998): p. 29.

1SO2685, Aircraft Environmental conditions and test procedures for airborne equipment — Resistance to fire in
designated fire zones. (1992): Switzerland.

122



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 54, Issue 1 (2019) 112-123

[37] Talib, AR Abu, I. Mohammed, K. A. Mohammed, and N. Bheekhun. "Aerogel application on fire certification

techniques and heat transfer." International Journal of Pure and Applied Mathematics 119, no. 16 (2018): 1783-
1790.

[38] Metals, High Temp. "Inconel 718 technical data." (2015). URL:
http://www.hightempmetals.com/techdata/hitempinconel718data.php

123



